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Introduction
Each year 2.5 million tons of starch, i.e. approximately 6% of global starch supplies, are obtained from potatoes (LESZCZYŃSKI 2005) . According to SZNAJ- DER and TARANT (2002) , potato starch is characterized by a higher quality than wheat and maize starches. For years Poland has been a leading producer of both potatoes and potato starch (SZCZEPANIAK 2005 , REMBEZA 2009 ).
Potatoes used in the starch industry have to supply high amounts of superior-quality starch. The quality of starch is dependent on the genetic characteristics of potatoes and the applied agricultural practices (LESZCZYŃSKI 2002 , STYSZKO 2002 , GOPAL, KHURANA 2006 . The starch content of potatoes is considerably affected by soil mineral fertilization (LESZCZYŃSKI 1994 , GĄSIOR, PAŚKO 1998 , CIEĆKO et al. 2004 . As demonstrated by JABŁOŃSKI (2005a) , potatoes use approximately 50 kg ha -1 of 30 t ha -1 organic fertilizers applied in the fall, while the other required nutrients are supplied by mineral fertilizers. The N:P:K ratio in fertilizers applied to the soil in which commercial potatoes are grown should be 1:1:1.5 at a nitrogen rate below 100 kg ha -1 , and 1:1.2:1.3 at a nitrogen rate above 100 kg ha -1 . The Polish potato variety Jasia has higher nutrient and nitrogen requirements (140-160 kg N ha -1 ) (JABŁOŃSKI 2005a) . The foliar application of fertilizers seems promising, due to lower total nutrient loss. Potatoes take up large quantities of micronutrients, including manganese and boron. A boron and manganese deficiency is common in alkaline soils, boron availability is additionally limited in dry periods. Boron has a beneficial influence on root system development and stem growth, and manganese enhances the rate of photosynthesis. Boron has a beneficial influence on root system development, stem growth and starch accumulation, while manganese enhances the rate of photosynthesis (GRZEŚKIEWICZ, TRAWCZYŃSKI 1998 , HAB-ERLAND 2000 , GOPAL, KHURANA 2006 , JABŁOŃSKI 2008a .
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The objective of this study was to determine the response of potatoes cv. Jasia to different levels of soil and foliar fertilization. The response was evaluated in view of the interactions between fertilizers and changing temperature and moisture conditions.
Materials and Methods
Field investigations were conducted in the years [2004] [2005] [2006] 51'20.3'') . A long-term two-factorial experiment was carried out by the randomized split-plot method, in four replications, on grey-brown podsolic soil developed from boulder clay (GRUŻEWSKA, MALICKI 2002) . The soil, of quality class IIIa and very good rye complex, was characterized by a high abundance of phosphorus, a high to medium abundance of potassium, a medium abundance of magnesium, and a slightly acidic reaction (Table 1) . Potatoes cv. Jasia ) g -Basfoliar 12-4-6 + ADOB Mn + Solubor DF (2.7 + 1.3 + 0.7 dm ha -1 ) h -control treatment -no foliar fertilization. Soil fertilizers applied before planting had the form of potash salt (60%) and granulated triple superphosphate (46%). Nitrogen applied before planting and inter-row closure (variant B above) had the form of urea (46%). Foliar fertilizers were applied once, at the stage of complete crop cover (BBCH-scale 309).
Potatoes were grown after cereals, following manure application at a rate of 25 t ha -1 . Planting was carried out from the middle of April to the first week of May. Potatoes (certified material, class CA) were planted 40 cm apart, at row spacing of 62.5 cm and the density of 40 000 plants per ha.
Appropriate agricultural management practices were applied, paying particular attention to adequate protection of potatoes against diseases and pests. Cultivation measures included hilling and the application, once during the growing season, of a systemic fungicide (Ridomil Gold MZ 68 WG at a dose of 2 kg ha The total yield of potato tubers, the content and yield of starch were determined in the study. Starch content was determined by the gravimetric method proposed by Reimann and Parow. This value, together with the potato tuber yield, provided a basis for calculating starch yield (CZERKO et al. 1999) . The grain size fractions of starch were determined in 2006, with the use of a laser particle size analyzer, in cooperation with the Department of Agricultural Technology and Food Storage, Wrocław University of Environmental and Life Sciences (LIN et al. 2005 , CHANG et al. 2006 , LU et al. 2008 ).
The obtained results were verified statistically by an analysis of variance. The significance of the effect of the experimental factors on potato yield, the content and yield of starch was estimated by an analysis of variance for long-term two-factorial experiments, and their effect on the grain size fractions of starch was evaluated by an analysis of variance for short-time two-factorial experiments (limited to the year 2006). Differences between mean values in treatments were determined by Duncan's T test, at a significance level of p = 0.05. The partial correlation between starch yield and potato yield and the starch content of potato tubers was calculated using linear regression equations, according to the formula:
where: x -independent variable (explanatory variable: potato yield and starch content, respectively), y -dependent variable (explained variable) corresponding to value x (starch yield), a -regression constant (free term) -indicating the intercept point of the regression line and the y axis, b -slope of the regression line indicating the change in dependent variable y for each unit change in independent variable x. The degree of determination (explanation) of variable y by variables x was expressed as the coefficient of determination (R 2 ) (FILIPIAK, WILKOS 1998). The effect of weather factors on potato yield has been widely discussed in literature. The yield of potato tubers is significantly affected by temperature and precipitation, in both quantitative and qualitative terms (LESZCZYŃSKI 1994 , BOMBIK et al. 1999 , KALBARCZYK 1999 . In wet years potato tubers have a lower starch content, whereas in dry years they accumulate more starch and are less susceptible to flesh darkening (ZGÓRSKA, FRYDECKA-MAZURCZYK 1981 , BOLIGŁOWA, TRĘTOWSKI 1986 , ROZTROPOWCZ, WIERZEJSKA 1986 , GĄSIOR, PAŚKO 1998 , GRZEŚKIEWICZ, TRAWCZYŃSKI 2002 .
The growing seasons of 2004 and 2006 were humid, with no extreme air temperatures ( Table 2, Table 3 ). The year 2004 offered optimal conditions for potato growth and development, except in September -which was too dry, and in May -when precipitation was by 51% higher than the long-term average. This resulted in the highest potato yield over the entire experimental period. In 2006, the only extremely dry month was July, while precipitation in May, August and September exceeded the long-term average by 51%, 88% and 79% respectively. Late potato cultivars show the highest water demand in July, August and September, when the yield levels increase. 
Results and Discussion
The highest potato yield, at 58.12 t ha -1 (Table 3) , was noted in the year 2004 which was found to be optimal for potato growing due to, among others, the most favorable weather conditions (Table 4 ). The year 2005 was extremely unfavorable, which resulted in a substantially lower potato yield (by 25%, i.e. 14.66 t ha -1 ) compared with 2004. In 2006 potato yield reached 48.50 t ha -1 . The present experiment showed no correlation between the total yield of potato tubers and the varied levels of soil and foliar fertilization. An increase in the rates of soil fertilizers, from 280 kg to 420 kg NPK ha -1 , resulted , i.e. 1.5% (Table 4 ). The highest potato tuber yield (51.14 t ha -1 ) was attained in the control treatment, where no foliar fertilizers were applied. In a study by JABŁOŃSKI (2009 b), total potato yield increased by 3.6 t ha -1 as a result of an increase in soil fertilization levels by 179 kg NPK ha -1 , to 385 kg NPK ha -1 . GĄSIOR, PAŚKO (1998), BERNAT (2002) , and JABŁOŃSKI (2005b) reported a significant increase in total potato yield as the rates of soil-applied nitrogen fertilizers were increased from 50 to 150-200 kg N ha -1 , at constant rates of phosphorus and potassium. In a series of experiments, CIEĆKO et al. (2004) demonstrated a correlation between higher NPK rates and an increase in total potato yield. On the other hand, SŁOWIŃSKI et al. (1995) reported that potassium and phosphorus fertilizers had no effect on the total yield of potato tubers.
The combination of two foliar fertilizers, Basfoliar 12-4-6 and Solubor DF (f), was found to be most effective, and the potato yield of 50.42 t ha -1 recorded in this treatment was higher than the yields noted for the remaining variants of foliar fertilization. However, the noted effect was statistically non-significant. An increment in total potato tuber yield of 5.7% to 19%, in comparison with treatments with no foliar fertilization, have been reported by many authors (BOLIGŁOWA 1995 , GRZEŚKIEWICZ, TRAWCZYŃSKI 1998 , JABŁOŃSKI, DRYJAŃSKA 1998 , JABŁOŃSKI 1999 , 2006a ,b, 2008b , 2009b , HABERLAND 2000 , JABŁOŃSKI, BERNAT 2001 , SAWICKA 2003 , TRAWCZYŃSKI, KOPENEC 2007 , GĄSIOROWSKA 2010 .
During the three-year experimental period, potatoes cv. Jasia accumulated 18.64% starch on average. ) on starch accumulation. Foliar fertilization had no significant effect on starch accumulation. The combination of Basfoliar 12-4-6 and Solubor DF (f) contributed to an insignificant increase in the starch content of potatoes, compared with the control treatment (Table 4 ). However, there was an interaction between the years of study and foliar fertilization (Table 5 ). In 2004, the highest starch content (by 1.25% higher than in the control treatment) was determined in potatoes fertilized with Basfoliar 12-4-6 + Solubor DF (f). In 2005, the highest starch accumulation (by 0.85% higher than in the control treatment) was observed in the treatment with Solubor DF (c). In 2006, the highest starch content was noted in potatoes fertilized with ADOB Mn+ Basfoliar 12-4-6 (e), but the difference between this treatment and control was non-significant. A decrease in starch content was reported for treatment (b), with ADOB Mn.
The results of numerous research studies indicated a beneficial influence of selected foliar fertilizers on starch accumulation in potatoes. GRZEŚKIEWICZ and TRAWCZYŃSKI (1998 ), BOLIGŁOWA (1995 ), and JABŁOŃSKI (2006a 2008a,b) found that the starch content of potato tubers increased significantly (by 0.7% to 2.5%) in comparison with the control treatment as a result of the application of various foliar fertilizers. JACOBSEN et al. (1998 ), HABERLAND (2000 , BERNAT (2001), JABŁOŃSKI (2003) , TRAWCZYŃSKI and KOPENEC (2007) reported that foliar fertilizers had no effect on the starch content of potatoes. In experiments by JABŁOŃSKI and DRYJAŃSKA (1998 ), and JABŁOŃSKI (1999 , 2009b , foliar fertilization contributed to a significant decrease in the starch content of potatoes.
During the entire experimental period, weather conditions had the greatest influence on the total yield of potato tubers and starch yield. Starch yield is the outcome of total potato yield and starch content. The highest starch yield (10.61 t ha (Table 4 ). An insignificant increase in starch yield was noted in the treatment with Basfoliar 12-4-6 + Solubor DF (f), compared with the control treatment with no foliar fertilization.
JABŁOŃSKI (2006 a, b; 2008 b) performed a series of experiment with a new generation of fertilizers (ENTEC perfekt, Basfoliar 36 E, Nitrophoska 12 specjal, Nitrophoska 15 perfekt) and reported an increase in starch yield as high as 35%, compared with treatments without foliar fertilization. In a study by Jabłoński and Bernat (2001) , the application of the foliar fertilizer ADOB Mn allowed to increase starch yield by 9.6%. Gąsiorowska (2010) observed an increase in starch yield by 1 t ha -1 in treatments fertilized with Ekosol K. Starch yield was significantly correlated with the total yield of potato tubers (Figure 1) . The value of the determination coefficient (100 R 2 ) shows that total potato yield explained the variation in starch yield in 59%. The correlation between starch yield and the percentage content of starch in tubers was weaker, but also significant (Figure 2 ). This trait determined starch yield in 9%.
The grain size fractions of starch were determined in potato tubers harvested in 2006. Starch grains with a diameter > 40 μm are considered most desirable, since too small granules (< 20 μm) cannot be used for industrial , accounting for 58.25% of all grains, while small starch globules (<20 μm in diameter) accounted for only 9.91% (Table 6 ). Starch in the treatment fertilized with 420 kg NPK ha -1 was characterized by a higher share of 20-40 μm and <20 μm fractions. The applied foliar fertilizers had no effect on the size of starch granules. According to HASSE and PLATE (1996), and HAASE (2000) , the content of large starch grains is a varietal property. * -legend as in Table 4 Conclusions 1. An increase in NPK rates from 280 to 420 kg ha -1 not only did not improve the total yield of potatoes cv. Jasia, but it decreased their starch content and deteriorated starch grain size distribution.
2. The foliar fertilizers applied in the study had no effect on the yield and qualitative traits of potatoes.
3. Supplemental fertilization with NPK rates higher than 280 kg ha -1 seems unnecessary if potatoes are grown in compact and nutrient-abundant soil fertilized with manure at a dose of 25 t ha -1 . 4. Weather conditions had a more significant effect on the total yield of potato tubers, the starch content of potatoes and starch yield than mineral fertilization.
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